In finite element simulations of orthodontic tooth movement, one of the challenges is to represent long term tooth movement. Large deformation of the periodontal ligament and large tooth displacment due to bone remodelling lead to large distortions of the finite element mesh when a Lagrangian formalism is used. We propose in this work to use an Arbitrary Lagrangian Eulerian (ALE) formalism to delay remeshing operations. A large tooth displacement is obtained including effect of remodelling without the need of remeshing steps but keeping a good-quality mesh. Very large deformations in soft tissues such as the periodontal ligament is obtained using a combination of the ALE formalism used continuously and a remeshing algorithm used when needed. This work demonstrates that the ALE formalism is a very efficient way to delay remeshing operations.
Introduction

1
The Finite Element (FE) Method is a numerical procedure to approx-2 imate problems modelled by partial differential equations using a discrete 3 representation of the problem to be solved on a grid of nodes and elements. 4 In mechanical models, it involves procedures to calculate in each element 5 stresses and strains resulting from external factors such as forces and dis-6 placements. The FE method is extremely useful for estimating mechanical 7 response of biomaterials and tissues that can hardly be measured in vivo.
8
It has been used in dentistry-related problems since the 1970's, as reviewed 
27
However, other approaches can also be found: Soncini and Pietrabissa [11] 28 or van Schepdael et al. [12] proposed remodelling models considering a vis- In any case, due to remodelling and therefore softening of the bone tissue, interactions between blood flow and natural tissues [17, 18, 19, 20 ments. Both simulations are 2D plane-strain models.
128
The first simulation was an academic case, testing the capacity of a re- way, the displacement of nodes E, J, and K was identical to that of node D.
172
The mesh nodes along the root surface (green curve in Figure 1) 
181
The second, more realistic, simulation consisted in a 2D lower incisor sub- used on the inner nodes of the mesh, homogenizing the elements area [41] .
212
After repositioning of the nodes, the different internal fields were transferred 213 onto the new mesh using a first order Godunov scheme [36, 32] 
Results
220
The benefit of the ALE method in the first model was analysed comparing 
262
The displacement of the tooth tip was identical for all three models (purely 
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[50] Borák L, Florian Z, Bartáková S, Prachár P, Murakami N, Ona M, et al.
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Bilinear elastic property of the periodontal ligament for simulation using Engineering Strain vs. Engineering Stress for uniaxial tests. The data is labelled after the name of first author of the paper it comes from, followed by the year of publication and the number of the figure in the paper (a letter is added if several curves appear on the same figure) . As a comparison, in blue and red dashed line, two multi-linear models [1, 50, 51] that surround this experimental data. In black dashed line, the model used in this work. Lagrangian and ALE models produced same resutls In red, the problematic elements. 
